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Preparation and evaluation of thickener for
hyperbranched fracturing fluid
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Abstract: Quaternary polymer thickener PHPAE-C was synthesized via radical polymerization of carboxyl
terminated hyperbranched macromonomer HPAE-C, which was prepared from diethanolamine (DEA),
methyl acrylate (MA), 1,1,1-trimethylolpropane (TMP) and maleic anhydride (MAH), acrylamide (AM),
acrylic acid (AA) and 2-acrylamide-2-methylpropanesulfonic acid (AMPS) as monomer in agueous
solution . The structure of PHPAE-C obtained was then characterized with FTIR and *HNMR, followed by
evaluation on its solution properties and crosslinking performance. The results showed that the apparent
viscosity of the prepared thickener solution with a mass concentration of 3000 mg/L reached 846.7 mPa:s at
a shear rate of 7.34 s and temperature of 25 °C, still remained at 570 mPa-s as the temperature rose to
90 °C, and still above 300 mPa:s when the mass concentration of Na" was 6000 mg/L and those of Ca®*and
Mg?" were 600 mg/L, indicating that PHPAE-C had good viscosity improvement, temperature resistance,
salt resistance and shear resistance. Meanwhile, it was found that crosslinking reached best when
m(polymer agueous solution, polymer mass fraction was 0.3%) : m(zirconium acetyl acetonate)=100 : 0.06,
crosslinking temperature at 55 °C and pH=5. After being continuously sheared at 120 °C for 80 min with
a shearing rate of 170 s, the system showed an apparent viscosity of ~450 mPa:s, exhibiting low damage
with good sand suspension and gel breaking performance.
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FEOT WD, HORERE K, HASHRAICR
%, LA E R W3S BK 1Y B pH=5,

# 3 pH xR G WSS RE A5
Table 3 Effect of pH on crosslinking properties

pH BEIE I [E] /min SEBRAS

3 SIS KacHk, ZEERR
4 ESdS 5588k, APk
5 25 CIE? S 2= TR e/
6 75 CIE? SE M= TR e/
7 10.5 TR IR 5

ZE T, MR N ARSI e m (REY
KW ) = m ( STEPNEAES ) =100 : 0.06, ACHKIR A
9 55 °C .pH=5, LA SEE 4R F e A 45 b A7 28 1K
25 PHPAE-C E& &AL FIAEREITEN
251 @iBFRT

W5 ) A5 A A A e PR e R AR (U 120 °C, 170 s
T 35Y] 100 min, #R5E 55 U1 % 5 0 R0 R 24 1 g
Rz, Z55E 6 s . R 6 nl%, FEYIHR
170 s*F, FHFIREEMITIE, %R SOR N F A
AR, YIRAE RS 120 °C 441 F4k£E8i71) 80 min,
TS5 ) FE M BE BEAT SR T L ik B 450 mPars 245, TIF
B2 R 200 A R AP TR STy U RE,, JFH 120 °C
SIZAR FR ) e e A AL .
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Fig. 6 Test of temperature resistance and shear resistance
of fracturing fluid system

252 IR FZ A EAE

FE R HERDPE BE OGP S N TE 4 h RE R 1Y
SIHLAM AT, BERDPERE I G IR T3 7 1 R OC %,
K RS B S 50 R PR 12 R 24 B b g, O
EFER BN (HPG ) FEZLWIEAT X H, 255 0L
£ AMAE 7T,

T4 RFBPRARF BT B S TR B

Table4 Static settlement velocity under different ceramsite
volume fraction

B L 5196 TR B /(cm/min)

PHPAE-C HPG
10 0.0010 0.62
20 0.0015 1.20
30 0.0020 1.29
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Fig. 7 Ceramsite settlement photos of two fracturing fluids at
55 °C

F AR 7 RN, PRRLEE S A SR AR
F P AT R R 78 3 /N T AR TR R A DT R i B, B
FLUtRE 12 h J5 2408 A K at bk, 3%k
F A BB ERE, A BT IRZE T 0T,
253 RIEIK AWK E A F

TEHL 0.05%(1) o B B B /E A B . B8 T i
JUG TR B . e R i o R SR M RE R, 45
HRnE 8 . MIE 8 nll, B I T = Fmk i
FUIR A A W38 22, 8 STk R S48 T 75 A 1 fie s 1)
ANWIIE D o 32 PR O R 8 T s R e ) A A 3
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Fig. 8 Effect of temperature and breaker dosage on gel
breaking time

ANTRIRLEE N BB B ke 5 1 DL 6,

5 ANIE N AR AR

Table 5 Residue content of gel breaker at different
temperatures
WL OWEER BERE W ek iRiaa vl
°C JnE%  [Al/min (mPa:s) (mg/L)
70 0.05 54 3.24 0
80 0.05 42 2.96 0
90 0.05 37 2.73 0

13 6 R, B S AR SRR R AE A R G IREE T
W, WA BB A R BE /N T 5 mPars, I HLA
I T P TR ) B T B R, AR TR 2R TR U T
S A F I 2 e 300 mg/L A P e vl T
5 5 TR M Gtk o Ul W20 S0 R RRR 2R 2
— PR R RERR R

3 #it

(1) @R HNRLEMG S RAETRE TR
m(AA) :m(AM ) =1 : 4(H 7 BR GTER 1Y) 85% ).
m (AMPS) :m (HPAE-C) =14.7 : 0.3 (/5 Hifk
SVTTHE Y 15% ), FRA R TR 08T 25% . G R A
0.3%. FZWIREE 40 °C. Jiitla] 6 h,

(2) W5 TSR G VIR TERE, 45
R, HESACR G EA RIS bRk, Bt
ERMPTIUITERE . TER S Y R E SN 3000 mg/L
mF, FWEEE & 846.7 mPas; 90 °CHf, &Y
TKIE W e ML E Al 570 mPa-s; 7E 30 °C, V)
FJy 170 sTFIHETY] 800 s 5, WAVIKIERAF
NG AR IR BB/, /5 125.9 mPars,

(3) KGR EY S S W RS 31T
ZHE, BT m (REWKER) m ( LI ER
B L SCBRIREE LA K pH R AgI RN RS, 453
AESCHR AR T e m (CREYIKEEW ) = m ( LTEN
%5 ) =100 : 0.06, ZCHKHEEE & 55 °C, pH=5,

(4) XF 24 AR R B PERESEA T T E NI,
SRR, IR R RS M HEE Y 120 °C, JFHE
R AT R DTS U SRR PR . RS R T
TORH, FRMEEE/NT 5 mPas, H AR T MK R 24
W, ZH AR A YR AR R — I R
NN
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